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(57) ABSTRACT 


Mounting systems for structural members, fastening assem- 
blies thereof, and vibration isolation systems including the 
same are provided. Mounting systems comprise a pair of 
mounting brackets, each clamped against a fastening assem- 
bly forming a mounting assembly. Fastening assemblies com- 
prise a spherical rod end comprising a spherical member 
having a through opening and an integrally threaded shaft, 
first and second seating members on opposite sides of the 
spherical member and each having a through opening that is 
substantially coaxial with the spherical member through 
opening, and a partially threaded fastener that threadably 
engages each mounting bracket forming the mounting assem- 
bly. Structural members have axial end portions, each releas- 
ably coupled to a mounting bracket by the integrally threaded 
shaft. Axial end portions are threaded in opposite directions 
for permitting structural member rotation to adjust a length 
thereof to a substantially zero strain position. Structural mem- 
bers may be vibration isolator struts in vibration isolation 
systems. 


18 Claims, 7 Drawing Sheets 
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MOUNTING SYSTEMS FOR STRUCTURAL 
MEMBERS, FASTENING ASSEMBLIES 
THEREOF, AND VIBRATION ISOLATION 
SYSTEMS INCLUDING THE SAME 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


This invention was made with Government support under 
Prime Contract No. NNGO9HROOC awarded by the National 
Aeronautics and Space Administration (NASA). The Gov- 
ernment has certain rights in this invention. 


TECHNICAL FIELD 


The present invention generally relates to vibration damp- 
ing and isolation, and more particularly relates to mounting 
systems for structural members, fastening assemblies thereof, 
and vibration isolations systems including the same. 


BACKGROUND 


Vibration isolation systems have been extensively used to 
provide vibration isolation for ground-based, airborne, and 
space-borne payloads. Vibration isolation systems provide a 
reduced vibration environment for a payload by isolating 
disturbances and vibrations between a top platform 102 anda 
supporting base 106 of the vibration isolation system (i.e., the 
mounting interface). As illustrated in FIG. 1, an exemplary 
vibration isolation system 100 consists of the top platform 
102 for supporting a payload 104, and the supporting base 
106 coupled to the top platform with a plurality of variable 
length vibration isolator struts 68. In an exemplary hexapod 
configuration as illustrated in FIG. 1, for example, six vibra- 
tion isolator struts on three vibration isolation bipods 110 are 
connected in non-parallel pairs to the supporting base 106 by 
a plurality of mounting brackets 12a, crossing over to six 
opposed mounting brackets 124 on the top platform. The top 
platform can be moved in six degrees of freedom (three rota- 
tions, three translations) by changing the length of the vari- 
able length vibration isolation struts. 

A conventional mounting system for each vibration isola- 
tor strut in the vibration isolation system includes hard 
mounting the vibration isolator strut between a pair of 
opposed brackets. As used herein, the term “hard mounting” 
or variations thereof refers to physical attachment of a first 
axial end portion of the vibration isolator strut to a mounting 
bracket attached to the supporting base and physical attach- 
ment of the second axial end portion of the vibration isolator 
strut to an opposed mounting bracket attached to the top 
platform (i.e., the pair of opposed brackets) by conventional 
fastening assemblies. A conventional fastening assembly 
comprises at least one threaded fastener passing through an 
opening in the respective mounting bracket and into the asso- 
ciated axial end portion of the vibration isolator strut, each 
threaded fastener being surrounded by a pair of spherical 
washers comprising a first spherical washer and a second 
spherical washer. The first spherical washer is placed between 
the respective mounting bracket and the axial end portion of 
the vibration isolator strut and the second spherical washer is 
placed between the fastener head and the mounting bracket. 
The pair of spherical washers and one or more shims disposed 
between the first spherical washer and the axial end portion of 
the vibration isolator strut fasten the respective axial end 
portion of the vibration isolator strut to the associated mount- 
ing bracket and at least partially correct for up to several 
degrees of misalignment between the mounting bracket and 
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the vibration isolator strut. Structural members other than 
vibration isolator struts, such as for example, truss type struc- 
tures are also hard mounted in conventional mounting sys- 
tems between a pair of opposed mounting brackets in the 
same manner. 

There are several disadvantages to hard mounting of struc- 
tural members including vibration isolator struts. As the 
shims are only available in set sizes and because of variations 
among structural members, there is typically at least some 
strain on the structural member when conventionally hard 
mounted. Shims also add to the parts list for such conven- 
tional mounting systems. Additionally, once the structural 
member has been hard mounted to the pair of mounting 
brackets, the fastener heads are relatively inaccessible, mak- 
ing adjustments in conventional mounting systems difficult 
and time-consuming. Other types of mounting assemblies for 
vibration isolator struts (e.g., those including adjustable 
spherical mounts) are susceptible to small amounts of unde- 
sirable motion (“micro-motion”) between mounting assem- 
bly components (e.g., the mounting bracket and the fastening 
assembly) even after the fastener has been tightened. For 
vibration isolator struts, such micro-motion is an undesirable 
source of wear that can degrade alignment and/or stability of 
the vibration isolator struts over time, and reduce their useful 
life. 

Accordingly, it is desirable to provide improved mounting 
systems for structural members, fastening assemblies thereof, 
and vibration isolation systems including the same. It is also 
desirable that exemplary embodiments permit structural 
members to be quickly and easily installed without using 
shims and adjusted to their zero strain position while allowing 
access to fasteners for making necessary mounting adjust- 
ments. It is also desirable that exemplary embodiments per- 
mit mounting assembly components to be clamped together 
substantially preventing micro-motion therebetween. Fur- 
thermore, other desirable features and characteristics of the 
present invention will become apparent from the subsequent 
detailed description of the invention and the appended claims, 
taken in conjunction with the accompanying drawings and 
this background of the invention. 


BRIEF SUMMARY 


Fastening assemblies are provided in accordance with 
exemplary embodiments of the present invention. The fasten- 
ing assembly comprises first and second seating members 
each having a through opening, a spherical rod end compris- 
ing a spherical member and an integrally threaded shaft, and 
a partially threaded fastener. The spherical member is dis- 
posed between the first and second seating members and has 
a through opening that is substantially coaxial with the 
through openings in the first and second seating members. 
The partially threaded fastener passes through the coaxial 
through openings to secure the spherical rod end by clamping 
the first and second seating members on opposite sides of the 
spherical member in facing relation forming a seat therefor. 

Mounting systems for a structural member are provided in 
accordance with other exemplary embodiments of the present 
invention. The mounting system comprises a mounting 
bracket and an opposed mounting bracket, and a first fasten- 
ing assembly clamped against the mounting bracket forming 
a first mounting assembly and a second fastening assembly 
clamped against the opposed mounting bracket forming a 
second mounting assembly. Each of the mounting bracket and 
the opposed mounting bracket have at least one side with an 
internally threaded opening. Each of the first and second 
fastening assemblies comprises a spherical rod end compris- 
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ing a spherical member having a through opening and an 
integrally threaded shaft, first and second seating members on 
opposite sides of the spherical member in facing relation and 
each having a through opening that is substantially coaxial 
with the through opening in the spherical member, and a 
partially threaded fastener. The partially threaded fastener of 
the first fastening assembly extends through the substantially 
coaxial through openings thereof and into the internally 
threaded opening of the mounting bracket and, when tight- 
ened, forms the first mounting assembly. The partially 
threaded fastener of the second fastening assembly extends 
through the substantially coaxial through openings thereof 
and into the internally threaded opening of the opposed 
mounting bracket and, when tightened, forms the second 
mounting assembly. The first and second mounting assem- 
blies form a pair of mounting assemblies. 

Vibration isolation systems are provided in accordance 
with yet other exemplary embodiments of the present inven- 
tion. The vibration isolation system comprises a top platform 
for supporting a payload, a base proximate the top platform, 
a plurality of mounting brackets attached to the base and a 
plurality of opposed mounting brackets attached to the top 
platform, and a plurality of vibration isolator struts coupling 
the top platform and the base. Each vibration isolator strut of 
the plurality of vibration isolator struts has a first threaded 
axial end portion anda second threaded axial end portion. The 
first threaded axial portion is releasably coupled to a mount- 
ing bracket of the plurality of mounting brackets by a first 
fastening assembly. The second threaded axial end portion is 
releasably coupled to an opposed mounting bracket of the 
plurality of opposed mounting brackets by a second fastening 
assembly. Each mounting bracket and opposed mounting 
bracket has an internally threaded opening through at least 
one side thereof. Each of the first and second fastening assem- 
blies comprises a spherical rod end comprising a spherical 
member having a through opening therein and an integrally 
threaded shaft, first and second seating members on opposite 
sides of the spherical member in facing relation and each 
having a through opening that is coaxial with the through 
opening in the spherical member, and a partially threaded 
fastener. The partially threaded fastener of the first fastening 
assembly extends through the coaxial through openings 
thereof and into the internally threaded opening of the mount- 
ing bracket and, when tightened, clamps the first fastening 
assembly against the mounting bracket forming a first mount- 
ing assembly. The partially threaded fastener of the second 
fastening assembly extends through the coaxial through 
openings thereof and into the internally threaded opening of 
the opposed mounting bracket and, when tightened, clamps 
the second fastening assembly against the opposed mounting 
bracket forming a second mounting assembly. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The present invention will hereinafter be described in con- 
junction with the following drawing figures, wherein like 
numerals denote like elements, and 

FIG. 1 is a schematic illustration of an exemplary vibration 
isolation system with three vibration isolation bipods; 

FIG. 2 is an exploded view of a fastening assembly and a 
portion of a mounting bracket, the fastening assembly and the 
mounting bracket adapted to be clamped together forming a 
mounting assembly, according to exemplary embodiments of 
the present invention; 

FIG. 3 is an enlarged perspective view of the mounting 
assembly formed from the fastening assembly and the mount- 
ing bracket of FIG. 2; 
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FIG. 4 is a cross-sectional view of the mounting assembly 
of FIG. 3; 

FIG. 5 is a perspective view of a mounting system for a 
structural member (exemplified by a vibration isolator strut), 
the structural member releasably coupled to a mounting 
bracket and an opposed mounting bracket by a pair of fasten- 
ing assemblies, according to exemplary embodiments of the 
present invention; 

FIG. 6 is a perspective view of the mounting system of FIG. 
5 for each vibration isolator strut of a pair of non-parallel 
vibration isolator struts in an exemplary vibration isolation 
bipod, according to exemplary embodiments of the present 
invention; and 

FIG. 7 is a sectional view of an exemplary structural mem- 
ber having collinear threaded axial end portions, one being 
reverse threaded, threadably engaged on integrally threaded 
shafts of, respectively, a first and second fastening assembly, 
in accordance with exemplary embodiments. 


DETAILED DESCRIPTION 


The following detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli- 
cation and uses of the invention. As used herein, the word 
“exemplary” means “serving as an example, instance, or 
illustration.” Thus, any embodiment described herein as 
“exemplary” is not necessarily to be construed as preferred or 
advantageous over other embodiments. All of the embodi- 
ments described herein are exemplary embodiments provided 
to enable persons skilled in the art to make or use the inven- 
tion and not to limit the scope of the invention which is 
defined by the claims. Furthermore, there is no intention to be 
bound by any expressed or implied theory presented in the 
preceding technical field, background, brief summary, or the 
following detailed description. 

Various exemplary embodiments of the present invention 
are directed to improved mounting systems for structural 
members, fastening assemblies thereof, and vibration isola- 
tion systems including the same. The structural member has 
threaded axial end portions that are collinear, one being 
reverse threaded so the structural member is adjustable in 
length similar to a turnbuckle. A mounting system for the 
structural member comprises a pair of fastening assemblies 
that releasably couples the structural member to a pair of 
opposed mounting brackets. Each fastening assembly is 
adapted to be clamped against an associated mounting 
bracket of the pair of opposed mounting brackets forming a 
mounting assembly at each of the threaded axial end portions 
of the structural member. Each fastening assembly also 
releasably couples a threaded axial end portion of the struc- 
tural member to the associated mounting bracket. The mount- 
ing system allows the length of the structural member to be 
adjusted to substantially zero strain when the mounting 
assemblies are in a clamped configuration even if there is 
some angular misalignment between the top platform and the 
supporting base. Thus, the mounting assembly has “angular 
misalignment compensation capability”. This adjustability 
compensates for small variations among structural members 
that would normally cause strain when hard mounted. 

While the advantages of the present invention as described 
herein will be described in part with reference to a vibration 
isolator strut (an exemplary structural member) of a vibration 
isolation system, the teachings of the present invention are 
generally applicable to any structural member having col- 
linear threaded axial end portions, one threaded axial end 
portion being reverse threaded so that a length A (See FIG. 5) 
of the structural member is adjustable to substantially zero 
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strain when mounting between a pair of opposed mounting 
brackets. Length A refers to the length end to end of the 
structural member or stated another way, the length between 
the first and second end faces a and B of the structural mem- 
ber, as hereinafter described. For example, a truss type struc- 
tural member may benefit from the teachings of the present 
invention. 

Referring now to FIGS. 2 through 4, in accordance with 
exemplary embodiments, a fastening assembly 10 and a 
mounting bracket 12 (only a portion of the mounting bracket 
is illustrated in FIG. 2) adapted to form a mounting assembly 
14 is illustrated. The mounting assembly 14 comprising the 
fastening assembly 10 and the mounting bracket 12 is illus- 
trated in FIGS. 3 and 4. FIG. 3 is an enlarged perspective view 
of the mounting assembly in accordance with exemplary 
embodiments and FIG. 4 is a cross-section of the mounting 
assembly of FIG. 3. Referring now specifically to FIG. 2, the 
fastening assembly 10 comprises a first seating member 16 
and a second seating member 18, a spherical rod end 20, and 
a partially threaded fastener 22. The first and second seating 
members 16 and 18 are opposed to each other and respec- 
tively include cylindrical sections 24 and 26 that are opposed 
to one another, and annular abutting sections 28 and 30 that 
are formed substantially at the center of the cylindrical sec- 
tions and extend radially inward from the ends of the cylin- 
drical sections. The inner peripheral edges of the annular 
abutting sections define through cylindrical openings 32 (the 
cylindrical openings 32 may also hereinafter be simply 
referred to as “through openings”), for purposes as hereinaf- 
ter described. The first and second seating members 16 and 18 
each have an annular rear wall 34. The second seating mem- 
ber 18 includes pair of integral anti-rotation tabs 36 that first 
extends radially from opposite sides of the annular rear wall 
34 and then extends toward the opposing first seating member 
in facing relation. Each anti-rotation tab has a free end 38. A 
length of the anti-rotation tabs is such that the free end of each 
anti-rotation tab can be received in a corresponding slot of a 
pair of slots 64 in at least one side of the mounting bracket and 
a predetermined radial distance between the pair of anti- 
rotation tabs 36 is greater than the outside diameter of the first 
seating member, such that the anti-rotation tabs are radially 
disposed outboard of the first seating member when the fas- 
tening assembly and mounting bracket are clamped together 
with the fastener forming the mounting assembly 14, as here- 
inafter described. 

The spherical rod end 20 comprises a spherical member 40 
and an integrally threaded shaft 42. The integrally threaded 
shaft may be partially or fully threaded. The spherical mem- 
ber 40 is disposed between the first seating member and the 
second seating member 16 and 18. The spherical member is 
provided with a through opening 44 that is substantially 
coaxial with the cylindrical through openings 32 of the first 
and second seating members. 

Referring now specifically to FIGS. 3 and 4, the fastener 22 
of the fastening assembly 10 (FIG. 2) has a head 46 with an 
exposed engagement portion 48 and a partially threaded 
shank 50 (FIG. 4). The head is rigidly and integrally formed 
with the partially threaded shank. The fastener 22 may be a 
partially threaded bolt or the like. The engagement portion is 
easily accessed and can be sized and shaped to receive a 
standard rotation tool, including such screwdrivers as Phil- 
lips-head, hex-head, TORX™ head, and the like for tighten- 
ing and releasing the fastener as hereinafter described. The 
length of the partially threaded shank of the fastener should be 
sufficiently long to pass or extend through the substantially 
coaxial through openings 32 and 44 of the fastening assembly 
10 and fully engage with an internally threaded opening 62 
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(FIG. 4) of the mounting bracket 12 as hereinafter described. 
A washer 23 is used between the second seating member 18 
and the fastener 22. That the through openings 32 and 44 are 
“substantially” coaxial as used herein means that the partially 
threaded fastener 22 can pass or extend therethrough, but that 
there is radial clearance between the spherical rod end 20 and 
the partially threaded fastener 22, specifically in through 
opening 44 of the spherical member 40, that is sized to permit 
two degree of freedom angular misalignment compensation 
capability and full rotation capability about the axis of the 
partially threaded fastener as hereinafter described, also per- 
mitting degree of freedom angular misalignment compensa- 
tion capability. That the integrally threaded shaft 42 of spheri- 
cal rod end 20 is smaller in diameter than the seat formed 
between the first and second seating members 16 and 18 when 
the fastening assembly and mounting bracket are clamped 
together as hereinafter described and shown in FIG. 4 also 
permits degree of freedom angular misalignment compensa- 
tion capability. 

FIGS. 3 and 4 more fully illustrate the mounting bracket 12 
of FIG. 2. The mounting bracket 12 comprises a three-dimen- 
sional body 13 having a top surface 15, a substantially flat 
bottom surface 52 for attachment by a plurality of mounting 
studs 58 or other bracket fastening means to a mounting 
surface 54a or 546 (FIG. 1), and at least one side 56 for 
clamping against the fastening assembly 10 illustrated in FIG. 
2. The substantially flat bottom surface of the mounting 
bracket also has mount openings 55 therein for receiving 
fasteners for mounting the bracket to the top platform or base. 
As best illustrated in FIG. 4, the at least one side 56 of the 
mounting bracket comprises a recessed portion 60 having a 
recessed portion rear wall 61, the internally threaded opening 
62, and the pair of slots 64 spaced apart and outboard of the 
recessed portion, for purposes as hereinafter described (See 
FIG. 3). While a mounting bracket having the three-dimen- 
sional body of a particular shape and size is illustrated in 
FIGS. 3 and 4, it is to be understood that the three-dimen- 
sional body may be configured with a variety of shapes and 
sizes, as hereinafter described. 

Still referring to FIGS. 2 through 4, according to exemplary 
embodiments, the fastening assembly 10 and the mounting 
bracket 12 are adapted to be clamped together with the fas- 
tener 22, thereby forming the mounting assembly 14. The 
fastener 22 of the fastening assembly 10 is passed through the 
substantially coaxial through openings 32 and 44 to thread- 
ably engage with the internally threaded opening 62 of the 
mounting bracket 12. The fastener 22 is tightened by engag- 
ing the engagement portion 48 thereof with the rotation tool. 
The fastener is tightened until the annular rear wall 34 of the 
first seating member 16 is seated in the recessed portion 60 in 
the at least one side 56 of the mounting bracket 12 and abuts 
the recessed portion rear wall 61 and the free ends 38 of the 
pair of anti-rotation tabs 36 of the second seating member are 
received in the pair of slots 64 in the at least one side of the 
mounting bracket. The recessed portion 60 substantially cen- 
ters the first seating member. When the free ends of the pair of 
anti-rotation tabs are received in the pair of slots, the anti- 
rotation tabs and slots together form a locking assembly 65 
that substantially prevents rotation of the structural member 
while tightening the fastener. When tightened, the fastener 22 
in the mounting assembly 14 secures the first seating member 
and the second seating member 16 and 18 on opposite sides of 
the spherical member 40 in facing relation forming a seat for 
the spherical member. Thus, the fastening assembly 10 is 
clamped against the at least one side 56 of the mounting 
bracket 12, substantially eliminating clearance and free play 
between the mounting assembly components (i.e., the fasten- 
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ing assembly 10 and the mounting bracket 12) forming a rigid 
assembly (the mounting assembly 14), for purposes as here- 
inafter described. 

Referring now to FIG. 5, a mounting system 66 for a 
structural member 68 (exemplified in FIG. 5 by a vibration 
isolator strut) is illustrated. The mounting system 66 for the 
structural member comprises a pair of the mounting assem- 
blies 14, 1.e., a pair of the fastening assemblies 10 and a pair 
of the mounting brackets 12 as described above. The pair of 
the mounting assemblies 14 comprises a first mounting 
assembly 14a and a second mounting assembly 146. The pair 
of the mounting brackets 12 comprises a mounting bracket 
12a and an opposed mounting bracket 125. The first mount- 
ing assembly 14a comprises the first fastening assembly 10a 
clamped together with the mounting bracket 12a. The second 
mounting assembly 145 comprises the second fastening 
assembly 105 clamped together with the opposed mounting 
bracket 126. The mounting bracket 12a and the opposed 
mounting bracket 125 are each releasably coupled to threaded 
axial end portions of the structural member, as hereinafter 
described. 

Referring again to FIG. 1 and still referring to FIG. 5, the 
mounting bracket 12a is adapted to be attached to a mounting 
surface 54a ((FIG. 1) and the opposed mounting bracket 126 
is adapted to be attached to an opposed mounting surface 54b 
(FIG. 1) by the plurality of mounting studs 58 or other bracket 
fastening means. The mounting surfaces 54a and 546 are 
omitted in FIG. 5 for ease of illustration. The mounting sur- 
face 54a may be of, for example, a supporting base 106 of a 
vibration isolation system 100 such as illustrated in FIG. 1 
and the opposed mounting surface 545 may be of, for 
example, the top platform 102 of the vibration isolation sys- 
tem. 

Still referring to FIG. 5 and now to FIG. 7, the structural 
member (as exemplified by vibration isolation strut 68) has a 
longitudinal axis 70 with a first threaded axial end portion 72 
and a second threaded axial end portion 74 that are collinear, 
one being reverse threaded for purposes as hereinafter 
described (i.e., the first and second threaded axial end por- 
tions are threaded in the opposite direction). The first 
threaded axial end portion 72 of the structural member is 
releasably coupled to the at least one side of the mounting 
bracket 12a by the integrally threaded shaft 42 of the spheri- 
cal rod end 20 of the first fastening assembly 10a. The inte- 
grally threaded shaft 42 is in threaded engagement in the first 
threaded axial end portion 72 of the structural member and 
secured by an internally threaded hex nut 76. The second 
threaded axial end portion 74 is releasably coupled to the 
opposed mounting bracket 125 by the integrally threaded 
shaft 42 of the spherical rod end 20 of the second fastening 
assembly 105 being threadably engaged in the second 
threaded axial end portion 74 of the structural member 68 and 
also secured by another internally threaded hex nut 76. As 
noted above, the first and second threaded axial end portions 
are threaded in opposite directions. The integrally threaded 
shafts are also reverse threaded. The first threaded axial end 
portion and the integrally threaded shaft of the first fastening 
assembly on which the first threaded axial end portion is 
threadably engaged are threaded in a first (same) direction 
and the second threaded axial end portion and the integrally 
threaded shaft of the second fastening assembly on which the 
second threaded axial end portion is threadably engaged are 
threaded in a second (same) direction that is opposite the first 
direction. This arrangement permits rotation of the structural 
member 68 to contract and extend the structural member 
(more specifically the Ka spring in the vibration isolator strut 
as known in the art) to adjust length A to a substantially zero 
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strain position. Like a turnbuckle, the structural member is 
torqued in or out of the oppositely threaded axial end portions 
72 and74 simultaneously, thereby adjusting length A (FIG. 5) 
to set the structural member to its zero strain position. Any 
difference in measured length A between an original un- 
mounted structural member and the mounted structural mem- 
ber is an indicator of strain. As noted above, length A is the 
length between a first and a second face a and 13 of the 
structural member. The first and second faces are identified in 
FIGS. 5 and 7 for a vibration isolator strut. For structural 
members other than a vibration isolator struts, first and sec- 
ond faces a and 6 are defined at the ends of the structural 
member. This adjustability and the angular misalignment 
compensation capability of the mounting assemblies allow 
the structural member to be adjusted to the substantially zero 
strain even if the top platform and the supporting base are 
misaligned, i.e., if the top platform and the support base are 
misaligned by one or two degrees or the like such that they are 
not parallel. The spherical member of each fastening assem- 
bly in each mounting assembly still permits movement of the 
mounting assembly components before tightening of the par- 
tially threaded fastener and allows the structural member to 
be adjusted to the substantially zero strain position. This 
adjustability compensates for small variations among struc- 
tural members that would normally cause strain when con- 
ventionally hard mounted. While FIG. 7 illustrates the first 
axial end portion of the structural member and the integrally 
threaded shaft of the first fastening assembly as including 
left-handed threads and the second axial end portion of the 
structural member and the integrally threaded shaft of the 
second fastening assembly as including right-handed threads, 
it is to be understood the left-handed and right-handed threads 
may be reversed. 

Referring again to FIG. 1 and now to FIG. 6, an exemplary 
vibration isolation system 100 comprises a top platform 102 
for supporting a payload 104, and a supporting base 106 
proximate the top platform and coupled thereto with a plural- 
ity of variable length vibration isolator struts 68 as noted 
above. In an exemplary hexapod configuration as illustrated 
in FIG. 1, for example, six vibration isolator struts 68 on three 
vibration isolation bipods 110 are connected in non-parallel 
pairs to the supporting base 106 by a plurality of mounting 
brackets 12a attached to the mounting surface 54a of the 
supporting base, crossing over to six opposed mounting 
brackets 126 attached to the opposed mounting surface 545 
on the top platform. The top platform has six degrees of 
freedom (three rotations, three translations) effected by 
changing the length of the variable length vibration isolation 
struts. While six vibration isolator struts are described with 
three mounting brackets on the supporting base and six 
mounting brackets on the top platform, it is to be understood 
that the number of vibration isolator struts and/or the arrange- 
ment thereof may vary in other exemplary embodiments. It is 
also to be understood that there is a mounting bracket 12a and 
an opposed mounting bracket 126 for each vibration isolator 
strut. 

As known in the art, vibration isolator struts can be 
mechanical, ball-screw, planetary roller screw actuators, 
hydraulic actuators, or the like. As known in the art, each 
vibration isolator strut generally includes two springs 
referred to as Ka and Kb, a damper referred to as Ca, and a pair 
of flanges 80. Ka is the stiffness of the vibration isolator strut 
from one end to the other, Kb is the stiffness in series with a 
damper, and Ca is the damping value of the damper. 

As noted above, the plurality of vibration isolator struts 68 
are arranged in non-parallel pairs 69 in the plurality of vibra- 
tion isolator bipods, each vibration isolation bipod 110 of the 
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plurality of vibration isolator bipods comprising a non-paral- 
lel pair 69 of vibration isolators struts. The non-parallel pair 
69 comprises a first vibration isolator strut 68a and a second 
vibration isolator strut 68b. The first and second mounting 
assemblies 14a and 146 for the first vibration isolator strut 
68a comprises a first pair 17a of mounting assemblies (the 
second mounting assembly 146 for the first vibration isolator 
strut 68a is not shown in FIG. 6). The first and second mount- 
ing assemblies 14a and 146 for the second vibration isolator 
strut 685 comprises a second pair 176 of mounting assem- 
blies. The mounting bracket of the first mounting assembly 
14a of the first and second pairs of mounting assemblies is the 
same mounting bracket 12a. The first fastening assembly 10a 
of the first mounting assembly 14a of each of the first and 
second pair of mounting assemblies is clamped against a 
different side 56 of the same mounting bracket 12a in the 
same manner as previously described. The opposed mounting 
bracket 126 of the second mounting assembly 146 of the first 
pair of mounting assemblies comprises a first opposed 
mounting bracket 125-1 and the opposed mounting bracket 
126 of the second mounting assembly 144 of the second pair 
of mounting assemblies comprises a second opposed mount- 
ing bracket 125-2. The first and second opposed mounting 
brackets 125-1 and 126-2 are adapted to be attached to the top 
platform 102 of the vibration isolation system 100 (such as 
shown in FIG. 1) proximate each other. While each of the 
mounting bracket 12a, the first opposed mounting bracket 
126-1, and the second opposed mounting bracket 12b-2 are 
illustrated in FIG. 6 to be configured with a different shape 
and size, it is to be understood that at least two may be 
configured with the same shape and/or size. 

The first threaded axial end portion 72 (FIG. 7) of the first 
vibration isolator strut 68a is releasably coupled to the at least 
one side of mounting bracket 12a by threaded engagement on 
the integrally threaded shaft of the first fastening assembly 
10a of the first mounting assembly 14a of the first pair of 
mounting assemblies 17a and the second threaded axial end 
portion 74 is releasably coupled to the first opposed mounting 
bracket 125-1 by threaded engagement on the integrally 
threaded shaft of the second fastening assembly 105 of the 
second mounting assembly 146 of the first pair of mounting 
assemblies 17a. The first threaded axial end portion 72 of the 
second vibration isolator strut 685 is releasably coupled to a 
different side 56 of mounting bracket 12a by threaded 
engagement on the integrally threaded shaft of the first fas- 
tening assembly 10a of the first mounting assembly 14a of the 
second pair of mounting assemblies 175 and the second 
threaded axial end portion 74 is releasably coupled to the 
second opposed mounting bracket 125-2 by threaded engage- 
ment on the integrally threaded shaft of the second fastening 
assembly 105 of the second mounting assembly 146 of the 
second pair of mounting assemblies 175. As noted above, the 
first and second threaded axial end portions of each of the first 
and second vibration isolator struts 68a and 684 are threaded 
in opposite directions to permit rotation of each releasably 
coupled vibration isolator strut to set the length A (FIG. 5) to 
a substantially zero strain position as previously described in 
connection with FIG. 5. With specific reference to the exem- 
plary vibration isolator struts releasably coupled to mounting 
brackets by first and second fastening assemblies as previ- 
ously described, as the vibration isolator strut is rotated, the 
Ka spring thereof contracts or extends to set the vibration 
isolator strut to its substantially zero strain position. Length 
“A” (FIG. 5) of vibration isolator strut 68 is measured when 
the vibration isolator strut is in its original un-mounted con- 
dition and then when the vibration isolator strut is mounted. 
The vibration isolator strut is set to its substantially zero strain 


35 


40 


45 


60 


65 


10 


position when the length A in the mounted vibration isolator 
strut is the same as in the un-mounted vibration isolator strut. 
If the length A measurement is not the same between the 
un-mounted and mounted conditions, the mounted vibration 
isolator strut needs further adjustment (by torquing) to its 
substantially zero strain position. If necessary, the fasteners 
of one or both of the first and second fastening assemblies 10a 
and 105 may be further tightened and/or the mounting assem- 
blies readjusted without putting strain on the structural mem- 
ber because of the locking assembly 65 of the respective 
mounting assembly. 

In addition to permitting rotation of the vibration isolator 
strut to adjust length A thereof to the substantially zero strain 
position, the substantially zero clearance and free play 
between the mounting assembly components (when clamped 
together) substantially prevent micro-motion between 
mounting assembly components, thereby allowing the vibra- 
tion isolator strut to more effectively isolate or damp distur- 
bances and vibrations between the top platform and the sup- 
porting base as intended. As used herein, the term “micro- 
motion” means small amounts of undesirable motion 
between the mounting assembly components that should stay 
firmly locked together after tightening of the fastener. If 
micro-motion was permitted between the mounting assembly 
components, such disturbances and vibrations may not be 
damped because motion would take place between the 
mounting assembly components instead of traveling through 
the vibration isolator strut for damping. Micro-motion is also 
an undesirable source of wear that can degrade alignment 
and/or stability of the vibration isolator struts over time, and 
reduce their useful life. Each of the fastening assemblies also 
increases resistance to slippage, retains clamp load and 
extends mounting bracket/fastening assembly life. 

From the foregoing, it is to be appreciated that exemplary 
embodiments permit the mounting assembly components to 
be locked together against changes in their position due to 
vibration or other induced loads once the fastener has been 
tightened (i.e., fully torqued). Thereafter, the structural mem- 
ber may be aligned and positioned to a zero strain position by 
rotating the structural member so that the integrally threaded 
shafts of the first and second fastening assemblies move in 
and out of the respective first and second axial end portions 
simultaneously, thereby extending or contracting the struc- 
tural member (more specifically the spring in the structural 
member in the case of a vibration isolator strut). The struc- 
tural member may then be realigned or repositioned by 
releasing each of the internally threaded hex nuts from the 
integrally threaded shafts and loosening the fasteners to per- 
mit movement of the mounting assembly components to 
effect a change in the alignment of the structural member. 
Once realignment of the structural member has been com- 
pleted, the fasteners are again tightened and the locking 
assemblies engaged to substantially prevent rotation of the 
structural member. Thus, the mounting systems according to 
exemplary embodiments permit adjustments to be made in 
the length and alignment of the structural member to a sub- 
stantially zero strain position. The foregoing adjustments 
may be effected without requiring the use of shims. In addi- 
tion, exemplary embodiments permit easy access to the 
engagement portion of each fastener, permitting faster and 
easier installation and removal of the structural member from 
between mounting brackets representing a labor and cost 
savings and permitting readjustments as necessary. It is also 
to be understood that in the case of vibration isolation struts, 
exemplary embodiments substantially prevent micro-motion 
between mounting assembly components, thereby improving 
the effectiveness of vibration isolator struts in isolating dis- 


US 9,410,596 B2 


11 


turbances and vibrations to or from the payload in vibration 
isolation systems according to exemplary embodiments. The 
vibration isolator struts may also be quickly and easily 
installed and adjusted to their zero strain position without 
using shims, while also permitting readjustments to the 
mounting assemblies if necessary. 

While at least one exemplary embodiment has been pre- 
sented in the foregoing detailed description of the invention, 
it should be appreciated that a vast number of variations exist. 
It should also be appreciated that the exemplary embodiment 
or exemplary embodiments are only examples, and are not 
intended to limit the scope, applicability, or configuration of 
the invention in any way. Rather, the foregoing detailed 
description will provide those skilled in the art with a conve- 
nient road map for implementing an exemplary embodiment 
of the invention. It being understood that various changes 
may be made in the function and arrangement of elements 
described in an exemplary embodiment without departing 
from the scope of the invention as set forth in the appended 
claims. 

What is claimed is: 

1. A fastening assembly comprising: 

first and second seating members each having a cylindrical 

section, an annular abutting section that extends radially 
inward from the cylindrical section and an annular wall 
adjacent to the cylindrical section, with a first through 
opening defined through an inner peripheral edge of the 
annular abutting section, and the second seating member 
having a plurality of anti-rotation tabs spaced apart 
along the annular wall and extending from the annular 
wall in a longitudinal direction, the plurality of anti- 
rotation tabs having free ends extending toward the first 
seating member, the free ends received in corresponding 
slots in at least one side of a mounting bracket against 
which the first seating member is configured to abut, the 
corresponding slots defined in the at least one side of the 
mounting bracket to be in communication with the 
cylindrical section of the first seating member, and the 
plurality of anti-rotation tabs and the slots form a lock- 
ing assembly that substantially prevents the rotation of 
the mounting bracket relative to the fastening assembly; 

a spherical rod end comprising a spherical member and an 

integrally threaded shaft, the spherical member disposed 
between the first and second seating members and hav- 
ing a second through opening that is substantially 
coaxial with the first through openings in the first and 
second seating members, the second through opening in 
the spherical member and the first through opening in 
the first and second seating members forming substan- 
tially coaxial first and second through openings, the 
plurality of anti-rotation tabs having a length configured 
to receive the spherical member between the first and 
second seating members; and 

a partially threaded fastener for passing through the sub- 

stantially coaxial through openings to secure the spheri- 
cal rod end and the partially threaded fastener clamps the 
first and second seating members on opposite sides of 
the spherical member in facing relation to form a rigid 
assembly with substantially zero clearance between the 
spherical member and the first and second seating mem- 
bers of the fastening assembly and the mounting bracket, 
and substantially prevents micro-motion between the 
fastening assembly and the mounting bracket. 

2. The fastening assembly of claim 1, wherein the fastening 
assembly is adapted to be in a clamped configuration with the 
mounting bracket forming a mounting assembly and the inte- 
grally threaded shaft is adapted to be in threaded engagement 
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with an axial end portion of a structural member, the mount- 
ing assembly having angular misalignment compensation 
capability provided by a radial clearance defined by the par- 
tially threaded fastener passing through the substantially 
coaxial first and second through openings, and the integrally 
threaded shaft having a smaller diameter than a diameter of 
the seat formed between the first and second seating mem- 
bers. 
3. The fastening assembly of claim 1, wherein the partially 
threaded fastener has an exposed engagement portion 
adapted to receive a rotation tool for tightening and releasing 
the partially threaded fastener. 
4. The fastening assembly of claim 1, wherein the annular 
sections are formed substantially at the center of the cylindri- 
cal sections. 
5. A mounting system for a structural member, the mount- 
ing system comprising: 
amounting bracket and an opposed mounting bracket, each 
of the mounting bracket and the opposed mounting 
bracket having at least one side with an internally 
threaded opening; 
a first fastening assembly clamped against the mounting 
bracket forming a first mounting assembly and a second 
fastening assembly clamped against the opposed mount- 
ing bracket forming a second mounting assembly, each 
of the first and second fastening assemblies comprising: 
a spherical rod end comprising a spherical member hav- 
ing a first through opening and an integrally threaded 
shaft; and 

first and second seating members on opposite sides of 
the spherical member in facing relation and each hav- 
ing a cylindrical section, an annular abutting section 
that extends radially inward from the cylindrical sec- 
tion and an annular wall adjacent to the cylindrical 
section, with a second through opening defined 
through an inner peripheral edge of the annular abut- 
ting section that is substantially coaxial with the first 
through opening in the spherical member forming 
substantially coaxial first and second through open- 
ings; 

the first seating member of the first fastening assembly 
disposed between the mounting bracket and the second 
seating member of the first fastening assembly; 

the second seating member of the first fastening assembly 
having a plurality of anti-rotation tabs spaced apart 
along the annular wall and extending from the annular 
wall in a longitudinal direction, the plurality of anti- 
rotation tabs having free ends extending toward the first 
seating member in the first fastening assembly, the plu- 
rality of anti-rotation tabs-received in corresponding 
slots in the at least one side of the mounting bracket 
against which the first seating member is configured to 
abut and forms a locking assembly that substantially 
prevents the rotation of the mounting bracket relative to 
the first fastening assembly, the corresponding slots 
defined in the at least one side of the mounting bracket to 
be in communication with the cylindrical section of the 
first seating member and the plurality of anti-rotation 
tabs having a length configured to receive the spherical 
member between the first and second seating members 
of the first fastening assembly; 

each of the first and second fastening assemblies including 
a partially threaded fastener; and 

wherein the partially threaded fastener of the first fastening 
assembly extends through the substantially coaxial first 
and second through openings thereof and into the inter- 
nally threaded opening of the mounting bracket and 
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clamps the first and second seating members and the 
spherical rod end of the first fastening assembly against 
the mounting bracket and forms the first mounting 
assembly with substantially zero clearance between the 
spherical member and first and second seating members 
of the first fastening assembly and the mounting bracket 
of the first mounting assembly to substantially prevent 
micro-motion between the first fastening assembly and 
the mounting bracket, and the partially threaded fastener 
of the second fastening assembly extends through the 
substantially coaxial first and second through openings 
thereof and into the internally threaded opening of the 
opposed mounting bracket and clamps the first and sec- 
ond seating members and the spherical rod end of the 
second fastening assembly against the opposed mount- 
ing bracket and forms the second mounting assembly 
with substantially zero clearance between the spherical 
member and the first and second seating members of the 
second fastening assembly and the opposed mounting 
bracket to substantially prevent micro-motion between 
the second fastening assembly and the opposed mount- 
ing bracket, the first and second mounting assemblies 
forming a pair of mounting assemblies. 

6. The mounting system of claim 5, wherein the mounting 
bracket and the opposed mounting bracket comprise a three- 
dimensional body having a substantially flat bottom surface 
for attaching to a mounting surface of a vibration isolation 
system and the least one side includes a recessed portion for 
receiving a rear portion of the first seating member in the first 
and second mounting assemblies. 

7. The mounting system of claim 5, wherein the structural 
member has a longitudinal axis with a first threaded axial end 
portion and a second threaded axial end portion, wherein the 
first threaded axial portion is releasably coupled to the mount- 
ing bracket of the first mounting assembly by threaded 
engagement with the integrally threaded shaft of the first 
fastening assembly and the second threaded axial end portion 
is releasably coupled to the opposed mounting bracket of the 
second mounting assembly by threaded engagement with the 
integrally threaded shaft of the second fastening assembly, 
wherein the first and second threaded axial end portions are 
threaded in opposite directions to permit rotation of the 
releasably coupled structural member to set a length thereof 
to a substantially zero strain position. 

8. The mounting system of claim 7, wherein the structural 
member is a vibration isolator strut in a vibration isolation 
system. 

9. The mounting system of claim 8, wherein the vibration 
isolation system comprises a non-parallel pair of vibration 
isolator struts, and the vibration isolator strut comprises a first 
vibration isolator strut of the non-parallel pair of vibration 
isolator struts, the non-parallel pair of vibration isolator struts 
further comprising a second vibration isolator strut, wherein 
the pair of mounting assemblies comprises a first pair of 
mounting assemblies for the first vibration isolator strut and 
the mounting system further comprises a second pair of 
mounting assemblies for the second vibration isolator strut. 

10. The mounting system of claim 9, wherein the mounting 
bracket of the first mounting assembly of the first and second 
pairs of mounting assemblies is the same mounting bracket, 
the first fastening assembly of the first mounting assembly of 
the first pair of mounting assemblies clamped against the at 
least one side of the mounting bracket and the first fastening 
assembly of the first mounting assembly of the second pair of 
mounting assemblies clamped against a different side of the 
same mounting bracket. 
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11. The mounting system of claim 10, wherein the opposed 
mounting bracket of the second mounting assembly of the 
first pair of mounting assemblies comprises a first opposed 
mounting bracket and the opposed mounting bracket of the 
second mounting assembly of the second pair of mounting 
assemblies comprises a second opposed mounting bracket, 
the first and second opposed mounting brackets adapted to be 
attached to a mounting surface proximate each other. 
12. The mounting system of claim 11, wherein the first 
opposed mounting bracket is releasably coupled to the second 
threaded axial end portion of the first vibration isolator strut 
and the second opposed mounting bracket is releasably 
coupled to the second threaded axial end portion of the second 
vibration isolator strut. 
13. A vibration isolation system comprising: 
a top platform for supporting a payload; 
a base proximate the top platform; 
a plurality of mounting brackets attached to the base and a 
plurality of opposed mounting brackets attached to the 
top platform, each mounting bracket and opposed 
mounting bracket of the plurality of mounting brackets 
and opposed mounting brackets having an internally 
threaded opening through at least one side thereof; and 
a plurality of vibration isolator struts coupling the top 
platform and the base, each vibration isolator strut of the 
plurality of vibration isolator struts having a first 
threaded axial end portion and a second threaded axial 
end portion, the first threaded axial portion releasably 
coupled to a mounting bracket of the plurality of mount- 
ing brackets by a first fastening assembly and the second 
threaded axial end portion releasably coupled to an 
opposed mounting bracket of the plurality of opposed 
mounting brackets by a second fastening assembly, each 
of the first and second fastening assemblies comprising: 
a spherical rod end comprising a spherical member hav- 
ing a first through opening therein and an integrally 
threaded shaft; and 

first and second seating members on opposite sides of 
the spherical member in facing relation and each hav- 
ing a cylindrical section, an annular abutting section 
that extends radially inward from the cylindrical sec- 
tion and an annular wall adjacent to the cylindrical 
section, with a second through opening defined 
through an inner peripheral edge of the annular abut- 
ting section that is substantially coaxial with the first 
through opening in the spherical member, the first and 
second through openings in the spherical member and 
in the first and second seating members forming sub- 
stantially coaxial first and second through openings; 

the first seating member of the first fastening assembly 

disposed between the mounting bracket and the second 

seating member of the first fastening assembly; 

the second seating member of the first fastening assembly 
having a plurality of anti-rotation tabs spaced apart 
along the annular wall and extending from the annular 
wall in a longitudinal direction, the plurality of anti- 
rotation tabs having free ends extending toward the first 
seating member in the first fastening assembly, the plu- 
rality of anti-rotation tabs received in corresponding 
slots in the at least one side of the mounting bracket 
against which the first seating member is configured to 
abut and forms a locking assembly that substantially 
prevents the rotation of the mounting bracket relative to 
the first fastening assembly, the corresponding slots 
defined in the at least one side of the mounting bracket to 
be in communication with the cylindrical section of the 
first seating member and the plurality of anti-rotation 
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tabs having a length configured to receive the spherical 
member between the first and second seating members 
of the first fastening assembly; 
each of the first and second fastening assemblies including 
a partially threaded fastener; and 

wherein the partially threaded fastener of the first fastening 
assembly extends through the substantially coaxial first 
and second through openings thereof and into the inter- 
nally threaded opening of the mounting bracket and 
clamps the first and second seating members and the 
spherical rod end of the first fastening assembly against 
the mounting bracket and forms a first mounting assem- 
bly with substantially zero clearance between the spheri- 
cal member and first and second seating members of the 
first fastening assembly and the mounting bracket of the 
first mounting assembly to substantially prevent micro- 
motion between the first fastening assembly and the 
mounting bracket, and the partially threaded fastener of 
the second fastening assembly extends through the sub- 
stantially coaxial first and second through openings 
thereof and into the internally threaded opening of the 
opposed mounting bracket and clamps the first and sec- 
ond seating members and the spherical rod end of the 
second fastening assembly against the opposed mount- 
ing bracket and forms a second mounting assembly with 
substantially zero clearance between the spherical mem- 
ber and the first and second seating members of the 
second fastening assembly and the opposed mounting 
bracket to substantially prevent micro-motion between 
the second fastening assembly and the opposed mount- 
ing bracket. 

14. The vibration isolation system of claim 13, wherein the 
first threaded axial end portion of each vibration isolator strut 
is releasably coupled to the mounting bracket by threaded 
engagement on the integrally threaded shaft of the first fas- 
tening assembly of the first mounting assembly and the sec- 
ond threaded axial end portion is releasably coupled to the 
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opposed mounting bracket by threaded engagement on the 
integrally threaded shaft of the second fastening assembly of 
the second mounting assembly, the first and second threaded 
axial end portions threaded in opposite directions to permit 
rotation of each releasably coupled vibration isolator strut to 
set a length thereof to a substantially zero strain position. 

15. The vibration isolation system of claim 14, wherein the 
plurality of vibration isolator struts are arranged in non-par- 
allel pairs in a plurality of vibration isolator bipods, each 
vibration isolation bipod of the plurality of vibration isolator 
bipods comprising a non-parallel pair of vibration isolators 
struts, the non-parallel pair comprising a first vibration isola- 
tor strut and a second vibration isolator strut. 

16. The vibration isolation system of claim 15, wherein the 
first and second mounting assemblies form a first pair of 
mounting assemblies for the first vibration isolator strut and a 
second pair of mounting assemblies for the second vibration 
isolator strut. 

17. The vibration isolation system of claim 16, wherein the 
mounting bracket of the first mounting assembly of the first 
and second pairs of mounting assemblies is the same mount- 
ing bracket, the first fastening assembly of the first mounting 
assembly of the first pair of mounting assemblies clamped 
against the at least one side of the mounting bracket and the 
first fastening assembly of the first mounting assembly of the 
second pair of mounting assemblies clamped against a differ- 
ent side of the same mounting bracket. 

18. The vibration isolation system of claim 17, wherein the 
opposed mounting bracket of the second mounting assembly 
of the first pair of mounting assemblies comprises a first 
opposed mounting bracket and the opposed mounting bracket 
of the second mounting assembly of the second pair of mount- 
ing assemblies comprises a second opposed mounting 
bracket, the first and second opposed mounting brackets 
adapted to be attached to a mounting surface proximate each 
other. 


